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Section 1
INTRODUCTION
The FPS-16 radar/Jimsphere system provides the most accurate and
detailed wind measurements between the surface and 18 km altitude currently
available. These precision measurements have been essential to aerospace
mission planning and operations. The Jimsphere balloon is described in Ref. 1.
With the advent of planning the next generation of space launch and re-
entry vehicles, i.e., the Space Transport System (STS), it is reasonable to
anticipate that engineering requirements for accurate wind inputs will become
even more exacting. This is because both the winged launch and reentry ve-
hicles, designed to be flown through the atmosphere, will be subjected to
greater forcing functions, and because structural design will be limited by
extremely restrictive weight requirements.
In this investigation it is shown that useful small-scale wind information
is lost in the computation of winds at 25-m altitude increments from 0.1-sec
radar measurements of the time, azimuth angle, elevation angle, and range
(TAER data) of the Jimsphere balloon. It is also shown that inaccuracies
(such as aliasing) result from the method by which winds are presently com-
puted. In order to retrieve this small-scale wind information or to derive
more accurate 25-m winds, it is necessary to go back to the original TAER
measurements. TAER data, however, are very difficult to analyze because
of their excessive bulk and numerous wild points, gaps, etc. Furthermore,
after a period of several years, the TAER data tapes are destroyed and the
small-scale wind information is irretrievably lost.
The objectives of this study are: (1) to develop data-processing pro-
cedures which facilitate the storage and retrieval of very small-scale wind
measurements (vertical wavelengths as small as 10 meters), (2) to reduce
significantly the bulk of the stored information and (3) to improve the accuracy
of wind profiles derived from radar/balloon measurements.
N
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Section 2
DISCUSSION
2.0 BACKGROUND
,4tr4-'he discussion which-follows;--we will examine:, (1) the scales of atmos-
pheric motions which are measurable with the FPS-16 radar/Jimsphere system
and the accuracy of these measurements, (2) the effect of the data-processing
methods now in use on the fidelity of the measurements, and (3) improvements
which can be made in data processing to yield more accurate, higher resolution
winds than are now obtained. The proposed improvements will also be shown
to alleviate the data storage and retrieval problems which now exist.
2.1 THE ABILITY OF THE FPS-16 RADAR/JIMSPHERE SYSTEM TO
MEASURE ATMOSPHERIC MOTIONS
I
2.1.1
	 Response Characteristics of the Jimsphere Wind Sensor
A great deal of research has been conducted to establish the response of
the Jimsphere balloon to wind gusts of various vertical dimensions. The re-
sponse function (the ratio of the amplitude of induced sensor motions to the am-
plitude of atmospheric motion) of the Jimsphere depends upon the vertical
wavelength of the wind perturbations, the mass and apparent mass of the sen-
sor, ambient density, the ascent rate, and the acceleration of gravity.
Zartarian (Ref. 2) found that the response of the Jimsphere to gusts having
vertical wavelengths of 20 m below 15 km is approximately 80%. Eckstrom
(Ref. 1) found that the Jimsphere is able to sense wind perturbations with
dimensions of only a few meters. Fichtl (Ref. 3) evaluated the response of
the Jimsphere using linearized equations of sensor motion and Fourier trans-
form techniques. Fichtl's results indicate that the Jimsphere may be capable
of sensing motions of vertical wavelengths as small as perhaps 10 m.
2
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2.1.2	 The Aerodynamically J±:duced Motions of the Jimsphere
A recent investigation (Ref. 4) of the aerodynamically-induced motions
of the Jimsphere showed that these motions have the following properties:
• The process is extremely narrow banded, approximately a delta
function, with a characteristic frequency of 0.22 Hz.
• The motions are essentially confined to the horizontal plane.
• The amplitude of the oscillations tends to decrease linearly with alti-
tude from about 2.4 m sec -1
 near the surface to about 1,0 m sec-1
at 15 km altitude.
2r 1 .3 Validity of the Radar Measurements
The FPS-16 radar measures the spherical coordinates of the Jimsphere
balloon's position at 0.1-sec time intervals. The accuracy of these measure-
ments is a function of many variables, including: range, elevation angle,
weather conditions, etc. (Ref. 5). The most serious measurement errors
are in the form of intense, high-frequency random noise.
It is instructive to investigate the effects of radar noise in terms of its
spectral composition. It is known that the spectrum of horizontal atmospheric
motions, for vertical wavelengths of 50 m or more, tends to obey.-A.pproximately
a -2.5 power law behavior (Ref. 6). It is also observed that the power spectral
density of radar noise tends to increase with increasing frequency throughout
most of the spectrum (Ref. 7). It is reasonable to ask, then, at what frequencies
(or vertical wavelengths) do the measurements consist primarily of wind infor-
mation or of radar noise?
This question can be answered by analyzing the simultaneous, independent
measurements by two radars of the flight of a single balloon. If the two sets ')f
radar time histories are converted to variables which can be compared directly
(e.g., balloon velocity components or altitude), a relationuhip between the signal
(i.e., balloon motion or position) spectrum and the radar noise spectrum can be
3
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obtained, This relationship is derived in Appendix A and can be represented by
s	 + s
	
s
u 	 u  = s + 2A
(1)
2	  
where s u and su are the spectra of the measurements of some variable u
a	 b
made by radars "a" and "b", s u is the spectrum of the difference between
O
these measurements and s u is true spectrum of u. The term on the left-hand
side of Eq. (1) is simply the average of the spectra of measured data. This is
seen to consist of the signal spectrum, s u, and the noise spectrum, s u /2.
Since s u , s u and su may be computed directly from dual measure-
a	 b	 0
ments, it is possible to derive the signal and noise spectra and the signal-to-
noise ratio (SIN) which is given by
s	 + s	 - s
SAN = u  s ub	
uA	
(2)
u0
The usefulness of SIN can be seen from Fig. 1, which shows the general
spectral properties of the atmospheric and noise contributions to FPS-16/
Jimsphere measurements. Figure 1 reveals that there exists a frequency
f  at which SIN = 1.0. For all f < f o , SIN > 1.0 (i.e., most of the variance
of the data at frequency f can be attributed to atmospheric motions), and for
f > fo , SIN < 1.0 (i.e., most of the variance of the data at frequency f is
caused by radar noise).
The above approach was applied to four sets of two thousand 0.1-sec
altitude values obtained from one set of dual TAER measurements. The ap-
proximate altitude intervals represented were 2 to 3 kni, 9 to 10 km, 11 to 12
km and 16 to 17 km. The vertical wavelength Ao = zf
0
-I (where z is the rise
rate) at which SIN = 1.0 for each of these cases is shown in Table 1.
f
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Fig. 1 - Schematic Representation of Wind and Radar Noise Spectra
Table 1
X Versus Altitude
Altitude Interval
x 
	 (S/N = 1.0)
2.0 - 3.0 km 8 m
9.0-10.0 km 32m
10.0-11.0 km 55 m
16.0-17.0 km 125m
The dual measurements from which the:ie compc,tations were made are
considered to be representative of most FPEJ-16/Jinispher.e data. It is thus
concluded that under the relatively good tracking conditions at altitudes of
a few kilometers, the FPS-16/Jimsphere system is capable of measuring fluc-
tuations in the balloon's motion or position with vertical dimensions on the order
of 10 m. At 10 km, where tracking conditions are less favorable, only pertur-
bations larger than 25 to 50 m may be reliably measured. Under the poor
tracking conditions at high altitudes (15 to 18 km, say), the system may only be
able to resolve accurately wavelengths larger than 100 to 200 m.
5
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It is interesting to note that for each of the four sets of dual measure-
ments described above, the signal spectrum of altitude exhibited a -2.4 power
law behavior in the range of vertical wavelengths 1000 m > 'A > 10 m. This
implies that the spectrum of vertical velocity has a -0.4 behavior. This repre-
sents a marked departure from the -2.5 behavior observed by other investi-
ators for the horizontal velocity components in the range 4000 m > > 50 m.g	 Y	 P	 g
It is recommended that the spectral properties of the vertical and horizontal
components of small-scale motions be investigated further.
2.1.4 Summary
When balloon response, aerodynamic motions and radar accuracy areP	 Y	 Y	 ,
considered as a whole, it can be seen that little or no useful wind information
can be obtained by the FPS- 16/Jimsphere for vertical wavelengths smaller
than 10 m. Under good tracking conditions, however, 10-m resolution is pos-
sible. When evaluating such detailed information, it must be remembered that
for the horizontal components there is a sizeable contribution at vertical wave-
lengths of about 25 m from the aerodynamically induced motions of the Jimsphere.
2.2 PRESENT METHODS USED TO PROCESS AND STORE FPS-16 RADAR
JIMSPHERE WIND DATA
2.2.1	 Properties of the Radar Measurements
The 0.1-sec measurements of range, azimuth angle and elevation angle
are characterized by intense, high-frequency noise and occasional wild points,
redundant data or missing data. When the radar data are converted directly
to 0.1-sec wind component values, it is found that the random radar noise
errors are sufficiently intense to obscure real wind variations. Thus, a
certain amount of smoothing is mandatory. Also, because wild points may
introduce serious errors into the wind computations, editing is also necessary.
A detailed account of the properties of the radar measurements is presented
in Ref. 5.
a
i
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L.2.2
	 Present. Processing Procedures
Briefly, NASA's data-reduction program consists of a sequence of proce-
dures which (see Ref. 8 for more details):
a. Edit the 0.1-sec radar measurements of azimuth and elevation angles
and range. (The method uses a moving, 9-point, least-squares linear
fit which tests for, and rejects, wild points. )
b. Convert the 0.1-sec range values from yards to meters and the angle
measurements from degrees to radians.
C. Transform the 0.1-sec spherical position coordinates to corresponding
0. 1 -sec x, y and z coordinates.
d. Correct the 0.1-sec x, y and z values for the effect of the earth's
curvature.
e. Combine groups of forty-one consecutive 0.1 -sec points to produce
average values of x, y and z, at time t, for 25-m increments of altitude.(The first group of 41 consecutive altitude points is selected so that
it is approximately centered on an integral multiple of 25 m. A least-
squares linear fit to those points is then generated, from which the
time, t, corresponding to the desired 25-m level, is computed. The
corresponding 41-point sets of x and y points are fitted by the same
method. The 25-m x and y values are then obtained from their linear
functions at time t. The entire process is repeated for each 25-m
altitude for which data are available. )
f. Compute the three components of wind velocity by taking centered
differences of x, y and z over 50 m. Scalar wind speed and wind direc-
tion are also computed.
g. In a final editing, substitute interpolated values for stray or missing
25-m coordinate values.
Another data-reduction program, developed by the University of Dayton
Research Institute (UDRI) to process FPS-16 radar/ROSE measurements, employs
variable wild point rejection criteria which are based on the variability of the
data being edited. The program contains special logic to handle groups of wild
points and data shifts (Ref. 9). This program also utilizes variable smoothing
based on the variability of the radar measurements.
7
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2.2,3
	 Effects of the Present System on Accuracy and Resolution
The »lost important effect of NASA's data-reduction system on the measured
	 !
data is in the nature of the smoothing it produces. The total response function
of the NASA method (i.e., the combined effects of finite differencing and least-
squares smoothing), derived in Ref. 7, is given by:
R(a) =	 sin(47raz) sin (507ra)
200(7ra) 2 z
where z is the balloon ascent rate and a is the vertical wavenumber (the
reciprocal of vertical wavelength). Assuming a typical ascent rate of 5 m sec-1,
Eq. (3) becomes
R(a) = sin(207ra) sin (507ra
	 (4)
1000 (7ra)2
Table 2 shows R((x) for various values of a -i (vertical wavelength) obtained
from Eq. (4).
Tablet
RESPONSE VERSUS VERTICAL WAVELENGTH (for z = 5 m sec-1)
Vertical
Wavelength	 1000	 500	 250	 225	 200	 175	 150	 125	 100	 75	 50
= a -1 (m)
Response	
.99	 .93	 .92	 .91	 .88	 .85	 .80	 .72	 .59	 .36 .00R((x)
These data may be interpreted as follows: a wind profile fluctuation with a
vertical wavelength of 1000 m and amplitude A in the 0. 1 -sec data will have
an amplitude of 0.99A in the 25-m data; a 100-m fluctuation will only have 59%
of its original amplitude, etc. Table 2 shows that data processing produces
8
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nioderate attenuation of wavelengths between 100 m and 250 m, and strong
attenuation of wavelengths shorter than 100 m. All wavelengths of 50 m and
shorter are completely removed.
The 41-point, least-squares smoothing technique currently in use
permits high-wavenumber noise energy to be aliased into lower wavenumbers.
Aliasing takes place when 25-m position coordinates are determined from
smooth 0.1-sec position values. The problem of aliasing associated with the
41 -point smoothing has been noted by other investigators (Refs. 10 and 11).
Reference 5 indicates that the most serious aliasing errors occur as a result
of radar "stickness." Reference 7 presents evidence that aliasing may account
for up to 20% of the error found in 25-m wind profiles.
2.2.4 Retrieval of Small-Scale Wind Information
The discussion in the preceeding section showed that much of the small-
scale wind information is lost when winds are computed at 25-m altitude in-
crements. Section 2.1.3 revealed that valid representations of fluctuations
as small as 10 m sometimes exist in the 0.1-sec radar data. Consequently,
under the present system, if one wishes to analyze these small-scale (e.g.,
vertical wavelengths of 10 to 100 m) motions, he must refer to the TAER data.
There are a number of difficulties, however, which are encountered	 s
when working with TAER data. First, because of their enormous bulk (there
are approximately 144,000 measurements of T,A,E and R for each flight),
computer processing is time-consuming and laborious. Second, because of
the numerous wild points, timing errors and data gaps, the investigator who
uses TAER data must devise a complex system of editing before he can begin
to compute and analyze the wind information. Finally, because of their bulk,
only about 8 to 10 tests can be stored on a reel of magnetic tape. Since MSFC
receives about 1500 new tests (equivalent to at least 150 tape reels) per year,
the cost of storage becomes prohibitive and the tapes are eventually destroyed.
Once the tapes are destroyed, the small-scale wind information is irretrievably
lost.
9
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2.3 PROPOSED METHODS FOR PROCESSING AND STORING FPS-16/
JIMSPHERE WIND INFORMATION
2.3.1	 Approach
The FPS-16/Jimsphere data processing method developed by Lockheed's
Huntsville Research & Engineering Center consists of two sets of procedures.
First, the TAER data are edited, transformed to 0.1-sec velocity components,
smoothed and then sampled at 1.0-sec time intervals. The 1.0-sec values of
altitude and the zonal, meridional and vertical components of balloon motion
are designed for permanent storage on magnetic tape, and re present a tenfold
reduction in storage requirements. The second set of procedures converts the
1.0-sec data to values for each 5 m of altitude using linear interpolation. Options
are also provided for producing winds at 10 and 25 m altitude increments. In
the following sections the procedures and the rationale behind their selection
are outlined.
2.3.2 Conversion of TAER Data to 1.0-Second Winds
a. Editing is the first operation which is performed on the TAER meas-
urements. It is important that the editing be accomplished before coordinate
transformation or smoothing because errors become increasingly difficult to
detect after these operations are performed. Wild point replacement criteria
must be carefully designed so that they do not affect ordinary radar noise fluc-
tuations. Both overediting and underediting can have deleterious effects (Ref. 5).
Program logic must also contain provisions for handling time errors, data gaps,
groups of wild points and redundant data.
Because the creation of a new and comprehensive editing system is beyond
the scope of this investigation, efforts consisted of evaluating and comparing the
two systems now available (i.e., those developed by NASA and UDRI). The com-
parison led to ti,e following observations;
10
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• The UDRI system contains superior logic which enables it to handle
certain types of errors (such as a cluster of displaced values) better
than the NASA system. The UDRI wild point rejection criteria are
allowed to vary according to the variability of the data segment being
considered. This approach is an improvement over the fixed cri-
teria (based on the radar manufacturers accuracy specifications)
used by NASA.
• NASA's system has an advantage in that it edits the radar measure-
ments (range, azimuth and elevation) rather than the transformed
Cartesian position coordinates.
• Except for data gathered under unusually adverse tracking conditions,
either system will edit the measurements adequately.
• In its present form the UDRI deck is not compatible with the Univac
1108 or IBM 7094 systems at MSFC. Considerable effort would be
required to modify this program so that it could be integrated into
MSFC's or Lockheed-Huntsville I s data processing packages, Modi-
fications would have to include changing some of the FORTRAN state-
ments, changing input/output formats and isolating the editing portion
frorn the total wind computation program.
Smoothing was found to play a much more important role in determining
the quality of winds derived from radar data than editing. Therefore most of
the effort on this project was directed toward establishing optimal smoothing
procedures.
Lockheed-Huntsville's Jimphere data processing package uses basically
the same editing scheme as is currently used by NASA (Ref. 12). It is recom-
mended that further improvements could be derived by developing a more
sophisticated editing system that would combine the best features of both the
NASA and UDRI systems.
b. Coordinate Transformation from the spherical coordinates of the
0.1-sec radar measurements to Cartesian coordinates is straightforward.
Lockheed-Huntsville's program uses the same equations (including changing
units from yards to meters and from degrees to radians, and including cor-
rections for the effect of the earth's curvature) that are used by NASA (Refs.
8, 12 and 13).
11
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c. Computation of 0.1-Second Velocity Components is done simply by
taking moving centered differences (over 0,2 sec) of the Cartesian position
coordina+;es (Ref. 12).
d. Srnoothin g and Decimation are used to reduce radar noise errors
and to reduce the number of data points by increasing the sampling interval.
In Section 2.1 it was shown that the FPS-16 radar/Jimsphere system is, under
ideal tracking conditions, able to measure vertical wavelengths as small as 10m.
Variations in the 0.1-sec data having periods of less than 2 sec (assuming a
typical ascent rate of 5 m sec -1 , 2 sec represents 10 m in the vertical) are
found to be almost entirely due to radar noise. Therefore, it is desirable to
filter out variations having periods of less than 2 sec. The filtered data can
then be sampled at 1.0-sec intervals without losing any wind information.
A 55-weight, low-pass Martin-Graham (Refs. 14 and 15) filter was de-
signed to smooth the 0.1-sec altitude and velocity component data. The re-
sponse function of this filter is shown in Fig. 2. The response and transfer
functions in the frequency interval 0 < f < 0.5 are shown on Fig. 3. The filter
weights are listed in Ref. 12. This filter was selected because it has the
following properties:
• The weight function is even. This ensures that the filter produces no
phase shifts.
• The response function is extremely small in the frequency range of
0.5 < f. < 5.0. This means that smoothed data may be sampled at
1 -sec intervals (every 10th point), without aliasing high-frequency
(f 2 0.5) noise into the smoothed 1-sec values.
e. Storage of the 1-sec values of z, u, v and z will require far less
space than is needed for TAER data. There are several reasons for this.
First, for each 0.1-sec time increment, six values are stored on the TAER
tapes: time (sec), time (hours), range, azimuth, elevation and radar number.
The term "decimation" denotes smoothing in which only each n th smoothed
value is retained.
12
LOCKHEED . HUNTSVILLE RESEARCH & ENGINEERING CENTER
LMSC-HREC D225068
I
w
a 0.(
a0
a
0 0.4
-0.2
0
0.2
0.F
1.1
1.2
)
1	 1.0	 ,V.Y	 v.:)	 U.b	 0.7	 0.8	 0.9
Frequency (Hz)
Fig. 2 - Response of 55-Weight Filter Used to Derive 1-Second Data
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Thus, TAER tapes contain 60 values per second whereas the 1-sec data tapes
will only contain four. Since about night tests of TAER data can be stored on
one reel of magnetic tape, about 15 times this number, or 120 tests, of 1-sec
data can be stored on a reel. If high-density storage is used together with long
data records, it may be po^z Able to store as many as 200 tests on a single reel.
DeL,pite thF . large reduction in storage requirements, the data will contain
essentially all of the detailed wind information that the FPS-16/Jimsphere sys-
tem is capable of measuring. Furthermore, these data will be far easier for
investigators to use than are the TAER data.
2.3.3 Conversion of One-Second Winds to 5, 10 and 25-Meter Values
a. 5-Meter Winds, i.e., wind values provided at 5-m altitude increments,
are derived directly from the 1-sec winds. The conversion from the time domain
is achieved by linear interpolation between consecutive 1.0-sec values. Since the
ascent rate of the Jimsphere is approximately 5 rn sec -1 , the properties of data
sampled each second in time or each 5 m in altitude are nearly identical. Winds
computed at 5 m altitude increments are useful for investigating the very small
scale wind fluctuations which can be measured under ideal tracking conditions.
The 5-m values are also used in the computation of 10 and 25-m winds. The 5-m
winds contain, in addition to the detailed variations in the wind field, the aero-
dynamically induced motions of the Jimsphere. They also contain radar noise,
the intensity of which is determined by tracking conditions.
Prior to computation of 5 m winds, the 1-sec data are edited "-)r gaps
(missing data). Caps of 20 consecutive 1-sec points or less are filled using the
technique described in Appendix B, No attempt is made to fill gaps of more
than 20 points.
Another procedure which must be implemented before computing 5 rn 	 N
winds is the smoothing of the 1.0-sec altitude array. Radar noise, particularly
at higher altitudes, is often suffiently intense to produce rip s deviations of
several meters from the (almost linear) trend. These spurious fluctuations
15
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can produce apparent decreases in altitude over short time intervals of a
second or longer. This type of behavior complicates the task of interpolating
between successive 1.0-sec altitude values to obtain 5-m values.
The approach taken to solve this problem is to smooth the altitude values
sufficiently to produce a monotonically increasing array, It was decided to
smooth the altitude values enough to limit their standard deviation (about the
linear trend) to a < 0.75m*, or their variance to 02 < 0.5625. The simplestz —	 z —
method of removing the trend is to consider the first differences, or rise rate,
z. Using the approximation
UL	 a2/2
1
we want the variance of the first differences or < 0.28125.
'L —
smoothing over N points has the effect (Ref. 16):
2
2	 CF unsmoot.hed
asmoothed	 N
Assuming that
we obtain
%1N = 0.28125z
or
N = 3.56 a2 .z
This method was applied to groups of 200 consecutive altitude values to ensure
that each value is reasonably accurate, regardless of the noise level in the
data. The maximum smoothing interval used in this procedure is 21 sec, The
procedure is described in Appendix B.
The interpolation procedure which uses the 1-sec winds and smoothed
altitude to derive 5-rn winds is described in Appendix C.
This means that, if the detrended z array is Gaussian, about 95% of the
smoothed z values will be accurate to within + 1.5 m.
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b. 10-Meter Winds are computed by applying a low-pass Martin-Graham
filter to the 5-rte data. The filter is designed to remove completely, without
aliasing, the aerodynamically-induced motions from the data. It preserves,
however, much more small-scale information than appears in 25-m winds.
Original plans had called for the use of a notch filter to remove the aero-
dynamic motions. However, it was found that such a filter would require an
unacceptably large number of weights to remove only the narrow-banded aero-
dynamic motions, of the Jimsphere. The computation of 10-m winds is described
in Appendix C.
C. 25-Meter Winds are also computed by applying a low-pass filter to the
5-m data. Again, the filter response is designed to prevent aliasing when each
fifth smoothed value is sampled. The response of this filter is plotted as a
function of vertical wavelength in Fig. 4. Figure 4 also shows the response
characteristics of 5 and 10-m data and of NASA's 25-m data. It can be seen
that Lockheed-Huntsville's 25-m data contain more small-scale information.
The response characteristics of Lockheed-Huntsville's 25-m data can be made
to approximate closely those of NASA's data by applying a 3-point, equally-
weighted running mean to the Lockheed-Huntsville data. The filter weights
used to derive 25-m data are given in Appendix C.
2.3.4 Optimal Smoothing
Optimal smoothing refers to the design of filters which remove all spec-
tral energy where X < A  (see Section 2.1.3). This technique, which is discussed
in Ref. 7, gives the greatest accuracy possible. Its implementation, however,
requires the use of many filters to smooth one wind profile because of the non-
stationarity of the contributions of signal and noi ga (see Table 1). Optimal
smoothing has the disadvantage that it complicates the interpretation of wind
profile spectra.
17
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Fig. 4 - Response Characteristics of 5, 10 and 25-m Data Derived
by LMSC-HREC and 25-m Data Derived by NASA
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Section 3
CONCLUSIONS AND RECOMMENDATIONS
As a result of this investigation, methods for processing FPS-16 radar
Jimsphere measurements were developed which have the following advantages:
• Very small-scale wind information (in the form of 1-sec data) can be
permanently stored on fewer than one fifteenth the number of magnetic
tapes needed to store TAER data. The 1-sec z, u, v and z data are
much more convenient to use for research pur poses than TAER data,
and contain virtually all of the usable wind information which can be
derived with the FPS-16/Jimsphere system.
• Aliasing is eliminated as a source of error in processing Jimsphere
data.
• Provisions for computing winds at 5, 10 and 25-m altitude increments
allow for greater versatility in the analysis of detailed wind measure-
ments.
The investigation of signal and noise spectra showed that under favorable
tracking conditions at low altitudes, the FPS-16/Jimsphere system is capable
of measuring wind fluctuations as small as 10 m in the vertical. It was also
found that high-quality data can be used to establish the spectral slopes of small-
scale variations having vertical dimensions between 10 and 100 m. Therefore,
it is reasonable to expect that 1-sec or 5-m wind data, measured under ideal
tracking conditions, can be used to model the properties of turbulence in the
lowest few kilometers of the atmosphere.
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Appendix A
DERIVING SIGNAL AND NOISE SPECTRA FROM TIME HISTORIES
OF SIMULTANEOUS INDEPENDENT MEASUREMENTS
6
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Appendix A
The derivation of signal and noise spectra from some variable u de-
rived from the simultaneous, independent measurements of two radars
tracking a single balloon, begins with the observation that at any time, t
u. = ub - ua = E b - E a	 (A.1)
where ua and u  are the values of the variables derived from radars a and
b, and E a and E  are the (presumably random) errors in each of these values.
The autocorrelation function of the difference time history, obtained
by subtracting u  from u  for any lag, ^ , is
	
R uQ (^) = n E CE b ( t + ) - E a (t + )	 [E ( 0 - Ea( t )	 n	 Eb( t + ) • Eb(t)
t
	+ n E E a (t+S) • E a (t) - ri	 Eb(t+ ) • E a (t) - n	 Ea(t+0 • Eb(t)t	 t	 t
= R
E 	 Ea
	
E 
a 
E b
	 E b E a(^) + R (^) - R	 (^) - R	 (0	 (A.2)
where n is the number of lagged products computed. Since the E's are
random and independent, their cross correlations are zero and, dropping
^ from the notation:
O	 b E a
A-1
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R = R + R + R	 +RU	 u	 E	 uE	 Eb	 b	 b	 b u
(A.6)
s	 + s
	
s
U 
	
u 
	 UA
2	 s  + 2
i
C(A.9)
I
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Similarly, the autocorrelation functions of u  and u  are
R 	 ( ) - n t	 Ll(t+> ) + E a (t+^	 . U(t) + Ea(t)a	 t
and
	Ru ( ) = n
	
u(t+^) + E b ( t +^	 u(t) + Eb(t)
b	 t
where u is the true value of the variable. Expanding as before yields
R	 = R + R + R
uE + R
	
u	 u	 E	 E u
	
a	 a	 a	 a
(A.4)
(A.5 )
Combining Eqs. (A.3), (A.5) and (A.6) yields
	
R +R = 2R +R +R +R	 +R	 +R
U 	 U 	 U	 UQ	 UE a Eau	 UE b 	E bu
The Fourier transform of Eq. (A.7) is
s	 + s	 = 2 s + s	 + s	 + s	 + s
	
+ s
U 	 U 	 u uA uE a E au uE b E b 
(A. 7)
(A.8)
where s, the power spectral density, is a function of the wavenumber, a.
Wind measurements are often envisioned as being composed of a large-
scale, deterministic mean flow upon which random turbulent motions are
superimposed. For sufficiently high wavenumbers the motions are assumed
to be essentially random. The small-scale wind variations are assumed to
be independent of E a and E b. Therefore, for sufficiently large a, the cross
power spectral density terms in Eq. (A.8) vanish, yielding:
The term on the left represents the mean of the power spectral densities of
the two sets of measurements u  and u b . This quantity is composed of sup
the signal, and s  /2, the noise.
^	 A-2
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Appendix B
FILLING SMALL GAPS IN 1-SECOND DATA AND SMOOTHING
ALTITUDE VALUES PRIOR TO COMPUTATION
OF 5, 10 AND 25-METER WINDS
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Appendix B
B.1 INTRODUCTION
The 1.0-sec altitude (z), zonal (u), meridional (v), and rise rate (z)
components, output from the TARWON program and stored on magnetic tapes,
occasionally contain gaps where data are missing. These gaps, and noise
in altitude values may present a problem when converting the velocity data
from time to space dependency.
The principal process involved when converting to space dependency
is the generation of velocity values at increments of 5 m in altitude. This
is accomplished by linear interpolation between 1.0-sec values of z (see
Appendix C and Section 2.3.3). Noise fluctuations in the 1-sec values of alti-
tude may be large enough to produce apparent short-period decreases in alti-
tude, which complicate the task of interpolation. Smoothing the altitude array
before calculation of 5-m values is needed in order to ensure that the altitude
array is monotonically increasing in time.
Gaps in the data sometimes represent only to a few seconds of elapsed
time. When the 1.0-sec data are filtered and decimated to yield 10 and 25-m
values (see Appendix C and Section 2.3.3), however, such small gaps can result
in the loss of data over a relatively large altitude interval.
The objectives of the computer program described in this Appendix are
to: (1) eliminate small gaps in the 1.0-sec data, and (2) smooth the 1-sec alti-
tude values. The resultant data will enable accurate determination of altitude
and minimize the loss of data when transforming to space dependent values.
iI
B-1	 s
l
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B.2 DESCRIPTION OF PROCEDURES
• Input Data
The stored tapes containing 1-sec values of z, u, v and z are used as
input to this program. These tapes are generated by the TARWON program
described in Ref. 12. Each tape record contains 800 words representing z,
u, v and z over a 200-sec time interval. Each file on tape contains one
Jimsphere test.
• Missing Data
Replacement Criterion: The TARWON program flags gaps with numbers
having extremely large absolute values. Thus, any component may be tested
for gaps. This program tests the rise rate for the existence of gaps.
The approximate number of missing 1.0-sec values in a gap can be ob-
tained from the average rise rate and the indicated altitudes preceding and
following the gap. The maximum number of missing points that the program
will replace is 20. This is generally equivalent to 100 m of altitude.
If the number of points needed to fill a gap is greater than 20, the gap
is not correctable and -10 6
 is inserted in place of the values in the gap. If
the average rise rate is greater than half the altitude interval over the gap
(indicating that less than one point is missing), the gap indication values are
eliminated and the data are assumed to be continuous.
Method of Generating Replacement Values: First, the altitude values
on either side of the gap are differenced to find the altitude interval spanned
by the gap. Next, the mean rise rate in the vicinity of the gap is computed,
based on 200 surrounding values of z. The number of missing 1.0-sec points
(MP) is found by dividing the altitude interval by the mean rise rate and adding
one. For each velocity component, substitutions are made based on a running
average of MP+1 points surrounding the missing values. The first substituted
value will be the average of the last MP values before the gap and the first
value following the gap. The second value will be the average of the MP-1
B-2
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values preceeding the gap and the first two values following the gap and so
on. If more than twenty values are missing, no attempt will be made to fill
the gap. The missing values of altitude are obtained by adding the computed
rise rate to the previous altitude value.
• Smoothing of Altitude
Due to the non-stationarity of the altitude data (the varibility tends
to increase with increasing altitude), variable smoothing is employed to ensure
that the altitude array increases monotonically in time. The smoothing
interval is based on the standard deviation of the data. The altitude data
are first differenced to yield velocity data (wz), then zero-meaned by the
use of a second degree least-squares curve fitting procedure. The variance
of the resultant values is calculated and used in the following equation to
generate the interval over which to smooth (see Section 2.3.3):
N = 3.56 a2WZ]
NW = 2 [-2 1 1 + 1
The brackets ([ ^, indicate the integral portion of the quantity, v 2 is the
wz
variance, and NW is the number of points in the interval over which the
values are smoothed. The smoothing interval is allowed a maximum value
of 21. This smoothing is found to control the variability so that the values
of altitude are increasing functions of time.
Method of Smoothing: A running mean over NW points is used to smooth
the altitude data. This method will cause [NW/2] points to be lost in the
beginning and end of each file as well as on either side of a data gap. In
order to prevent the loss of these points, a least squares curve fit of degree
one is used to fit the [NW/2] points (when 1 < NW < 7, [NW/2] is set equal to 3)
about gaps and at the beginning and end of the file.
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0 Output. Data
The output tape contains smoothed altitude values and the corresponding
unsinoothed velocity values. The output record size and format is the same
as the input tape, 800 words/record with a 200 sK:c time step. Each file is a
separate Jimsphere test, This tape is used as input to the program that
converts the measurements to 5, 10 and 25-m intervals.
B.3 SUMMARY
The output from this progrr 	 a tape containing the input velocity
data (those from stored 1.0 - sec
	 plus any points generated to eliminate
short gaps in the data. Large ga;)s (greater than 20 sec) are indicated by
a single value of -1-0 6 in all velocity components and altitude. The altitudes
on the output tape are smoothed enough to assure that altitude is an increasing
function of time. These tapes are used as input to subsequent programs
that convert the time dependent values of wind data to altitude dependent
data.
From trial runs of this program on 20 Jimsphere tests, gaps in the
data were found in about 40% of the Jimsphere flights. These gaps
usually exceeded 20 sec (only about 20% were correctable). The smoothing
interval needed to smooth the altitude array generally does not reach 21 sec
until the altitude value is 13 km or greater. Some profiles never exceed
this value and others reached it at 7 km.
B-4
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Appendix C
COMPUTATION OF WINDS AT 5, 10 AND 25-METER
ALTITUDE INCREMENTS
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Appendix C
Procedures have been developed utilizing a computer program to en-
able FPS-16/Jimsphere balloon motion data to be converted from time-
dependent measurements to space dependent measurements. The basic
approach is to compute 5, 10 and 25-m velocity data from the time dependent
smoothed altitude and unsmoothed 1-sec velocity data discussed in Appendix
B. Using the smoothed 1-sec altitude array, interpolated wind velocity
components in 5-m altitude increments are computed and written on magnetic
tape. The 10 or 25-m velocity data are computed from the 5-rn data and
are also stored on magnetic tape. The description of procedures in computing
5, 10 and 25-m velocity component data is presented in the following sub-
sections.
C.1 FIVE-METER VELOCITY COMPUTATIONS
The procedure for deriving velocity data values as a function of height
requires the use of interpolation. Accordingly, an initial value of altitude
(which is a multiple of 5 m) is determined using the first smoothed 1-sec
altitude value, and from that initial value the corresponding velocity com-
ponents (zonal, meridional and rise-rate) are computed using linear inter-
polation as a function of the time at which that altitude was reached. Similarly,
the next altitude value is the previous value plus 5 m, etc. until 5-m velocity
data have been computed from all of the 1 -sec velocity data.
A criterion for determining the first value of altitude used in computing
5-m data was developed to enable both 10-m and 25-m data, discussed in
more detail later, to be computed from the 5-m velocity data at integral
multiples of 10 and 25 m. Once the initial 5-m altitude value has been 	 j
determined, a table lookup is made within the 1-sec data to find the nearest
1-sec altitude measurements surrounding the 5-m altitude value. The time
of occurrence of the 5-m altitude is then computed using the relation:
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Ift
o-1	 Zn-1 Z5
_	 1T5	 Z - Zn	 n..l
to	 Zn-Z5
where to = to-1 + 1 and Z n-1 <Z 5 ^Z n. Using T 5 , the zonal, meridional
and vertical velocity components associated with T 5
 are computed from the	 Id
following general relation:
fn-1	 to-1 - T5
_	 1
f5	 to-Tn-1
fn	to - T5
which reduces to:
f5 = (fn - fn-1 ) (T 5 - to-1) + fn-1 '
since to = to-1 + 1. The quantities fn and fn-1 are values of the u, v or z
1-sec components surrounding f5.
1
D-ta gap occurrences in the 1-sec velocity data, as stated
in Appendix B, are flagged with the number -10 6 . If this quantity is en-
countered while computing 5-m data, the next valid 5 m altitude point used
is the nearest multiple of 5 greater than the first 1-sec altitude point fol-
lowing the gap. Any 5-m altitude point skipped due to the gap is flagged
with -106 to enable continuous readings of altitude in 5-m increments.
After computing 200 values of 5-m velocity component data, the values
are written onto an output tape. The 5-m output tape format is as follows:
C-2
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Word 1
2
3
4
5
800
Altitude (n))
%o11,11 (11) sec-1)
Meridional (m sec -
Rise Rate (m sec -
Wordrd 1 + 5 m
Rise rate (m sec-1)
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where the 800 word physical record contains 200 values of each velocity
compor ►ent. These data are also printed out on paper by the program.
C.2 10 METER AND 25 METER VELOCITY CALCULATIONS
Using 5 m wind velocity data as previously described, either 10 or
25-m velocity data may be computed. The step-by-step procedures are
identical except that, to obtain 10-m velocity data, the 5-m velocity com-
ponent data are filtered with a Martin-Graham low-pass filter using 21
weights. Thirty-nine weights are used to obtain 25-m velocity data. The
Martin-Graham low-pass filter technique is described in more detail in
Ref. 15. The general equations used in the Martin-Graham low-pass filter
technique for both the 10 m and 25 m computations are as follows.
m
U 
=J [ ui-j+m + ui+j+m] + wm+1 ui+mj=1
m
V
 F
[rom
a'0' [v i-j+rn + vi+j+m] + O)m+l vi+mj=1
m
W = E(A. [wi-j+m+w.]+ w	 wj _ l 	 i+j+m	 m+1 i+m
where 0)j are the weights,	 1 2	 m+l and where m = [no. of weights]g	 , j=	 ,...,	 2
and r 1 denotes integral portion. The weights used to compute the 10-m
velocity components are:
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Weight
Ind ex	 Weight
( 1921) =	 0.1122370OF-02
( 2,20) = 0.46216nOOE-C2
( 3v19) =	 0.30-i849O0F-02
( 4,18) = -0.bI908000r-02
( 5,17) = -0.25646440E-01
( 6 9 16) = -0. 331635?(,E-01
( 7,15) = -0.^)31377UOF-02
( 8,14) =	 0.56072410E-01
l 9,13) =	 0.14837,i02F 00
(10,12) =	 0.23063123F 00
(11,11) =	 0.263644 g 1F 00
where, within the 21 point interval, points 1 and 21 are equally weighted,
points 2 and 20 are equally weighted, etc.
The weights used over a 39 point interval to compute 25-rn velocity
data are:
Weight
Index
	 Weight
( 1,39) =	 0.316095001:-02
l 2,38) = 0.465902GOE-02
( 3071 = 0.549032000 -02
( 4,36) =
	 0.50246700!-02
( 5935) =
	 0.278152CGE-02
	 =
( 6,34) = -0.13689400E-02
	
I
( 7933) = -0.7044760OF-02
( 8,32) = -0. 132f34600F-01
( 14#31) = - 0.18611820E - 01
(10 9 30) = -0.21240690E-01
(11,29) = -0.19400450E-01
(12,28) = -0.11719670E-01
(13,27) = 0.240962OOF-02
(14 9 26) =	 0.22.573790E-01
(15,25) =
	 0.4725622OF-01
(16, 24-) =
	 0. 7396981)0f--OL
(17923) = O.Q9595700C-01
(18 9 22) =	 0.12087210E 00
(19,21) =	 0.13494444E 00
(20,20) = 0.139S6549E 00
where points 1 and 39, points 2 and 38, etc., are equally weighted.
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Occurrences of data gaps in 5-m data are flagged with the quantity
-10 6 . Should this quantity be encountered in the 5 m velocity data while
computing 10 or 25-m data, each 21 or 39 point filter interval that contains
this large negative quantity will output the quantity -10 6 in the 10 or 25-m
data for that altitude.
The 10 or 25-m data are written onto magnetic tape after 200 values
of zonal, meridional and rise-rate velocity components and the corresponding
value of altitude have been computed. Each 200 word physical record of
10-m data written has the format structure:
	
Word 1	 Altitude (m)','
	
2	 Zonal (m sec-1)
	
3	 Meridional (m sec-1)
	
4	 Rise rate (m sec '-ec-
5 Word 1+10m
200 Rise rate (m sec -1)
Similarly, the format structure for the 25-m output is:
	
Word 1	 Altitude (m)*,-"
	
2	 Zonal (m sec-1)
	
3	 Meridional (m sec -
	
4	 Rise-rate (m sec -1)
	
5	 Word 1 + 25 m	 1
200 Rise rate (m sec-1)
All input and output tapes are written in non-FORTRAN binary in 200
i
word physical records.
	
Word 1 will always be a
	
multiple of 10. 	 i
Word 1 will always be a multiple of 25.
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